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Introduction 


This book presents my set of lecture notes on the Design of Reinforced Concrete 
Structures, primarily according to the Egyptian Code of Concrete Structures ECP 203. 
| used these notes to teach civil engineering undergraduate students and practicing 
structural engineers in several academic institutions in the Middle East, and partly 
used them to teach the subject in North America. 


The Introduction is included in Chapter 1 to shed some light on the background, 
content and organization of the book as well as some remarks on the proper use to 
teach undergraduate students and the consistency with the most recent version of the 
Egyptian Code, the fifth revision ECP 203-2020. 


Chapter 2 presents the fundamentals of reinforced concrete behavior of compression 
and flexural members including the stages of cracking. It also presents the design of 
reinforced concrete beams starting with structural systems, load calculations and 
internal actions until full reinforcement detailing, spanning flexural, shear and torsion 
design of beams. The chapter also presents the serviceability limit states of beams 
including deflection checks, crack control, and water-tight section design. It discusses 
designing continuous slender beams, deep beams, shear friction, and short corbels. 


Chapter 3 discusses the design of various types of floor slabs including solid slab and 
beam system, paneled beam slabs, hollow block slabs and flat slabs. The chapter also 
presents a thorough discussion on the design of reinforced concrete stairs. 


Chapter 4 introduces the design of reinforced concrete columns with applications, 
while Chapter 5 presents the design of isolated spread footings and acts as a place- 
holder for the structural design of various foundation systems. 


In Chapter 6, the design and detailing of reinforced concrete frames is discussed and 
supported by several solved examples. As a further extension to Chapter 6, Chapter 
7 presents the design of long-span reinforcement concrete systems to cover large 
halls. The systems presented include concrete frames and arches. 


Chapter 8 thoroughly presents the design of liquid storage concrete structures 
including elevated and ground/underground water tanks, swimming pools and other 
liquid retaining structures. In Chapter 9, a brief discussion on the design of RC systems 
for lateral loads, namely wind and earthquakes is presented. Chapter 10 includes the 
concepts and applications of the design of prestressed concrete beams and slabs. 


Finally, Chapter 11 covers of the evaluation, retrofit and repair of concrete structures 
for gravity loads. The material covers the types and identification of concrete cracks 
as well as the strength and deformation testing of concrete construction. 


The presented topics in this book are backed with hundreds of solved examples, 
solved past real examinations and unsolved homework problems to engage students 
in hands-on applications of the theoretical discussion. Many of these problems are 
acknowledged to Cairo University’s Reinforced Concrete faculty, and could not be 


traced back to a particular faculty member. This book contains also a few companion 
“student commentary notes” that appear without the “page borders” using less neat 
handwriting. These “student commentary notes” | drafted during some of the tutorials, 
office hours, discussion sections and the like, to explain the subject to a smaller group 
of students in a clearer manner. | included them only for some of the topics when | felt 
they add more depth and value to the primary notes (with page borders.) An example 
is the Torsion in RC Beams’ “primary” and its companion “student commentary notes." 


The order of the topics in the book is organized according to structural element, similar 
to any professional textbook. However, this order is not necessarily the one followed 
in teaching undergraduate students, especially in the Middle East. The instructors and 
students are referred to a companion version of this book, posted on the Internet, that 
includes each chapter and its sub-topics in standalone files for better accessibility. 


A Remark on the consistency with the most recent update of the Egyptian Code of 
Concrete Structures: ECP 203-2020. The lecture notes presented in the book are 
generally consistent with this update with a few exceptions that are partially listed 
hereunder to alert the reader. Please notice that this list is not exhaustive; the reader 
is always responsible to check the consistency with all applicable local codes for any 
topic he/she uses of these notes for learning or professional purposes. The author 
bears no liability whatsoever for not following this disclaimer: 


e The shear strength equations of concrete in Chapter 2, Section 2.10 “Shear 
on RC Beams,” page 19-22 need to be slightly modified for consistency with 
ECP 203-2020. All similar and relevant examples throughout the book need 
also the same modifications. 

e The book does not include the new high-strength steel reinforcement classes 
added in ECP 203-2020. 

e The maximum reinforcement ratio in beams in Chapter 2 needs to be slightly 
modified according to Table 4-1 and 4-2 in ECP 203-2020. 

e The book does not include punching reinforcement in Flat Slabs. 

e The Serviceability Limit States presented in Chapter 2: Section 2.12 need 
minor modifications. All similar and relevant examples throughout the book 
need also the same modifications. 

e The Prestressed Concrete equations and limits in Chapter 10 are to be 
slightly modified. 

e The calculation of base shear in the seismic design of Chapter 9 is to be 
updated according to the most recent code on Loads on Buildings. 


© Dr. Eng. Wael Hassan 
All rights reserved. 


Academic use OK. 
Commercial design use OK. 
Commercial educational use prohibited. 


